Q: Who is more likely to use nutritional supplements known to facilitate healthy bone development?
A: Older women with osteoporosis, with postsecondary education (cal cium only) and higher income (vita min D only) who are not obese, have had a major fracture after age 40 (vitamin D only) and have other physical chronic conditions.
Q: Who is more likely to engage in regular physical activity?
A: Men and women of all ages without osteoporosis, with postsecondary education and higher income, who are not obese, and who are without other physical chronic conditions. data suggest that most individuals with fracture do not undergo appropriate assess ment or treatment. 37 Clinical practice guidelines outline several clinical factors that help to identify people who have a high risk of fracture. These factors include advanced age, previous fragility fracture, parental hip fracture, cigarette smoking, heavy alcohol consump tion, low body weight, prolonged use of glucocorticoids and other bonedepleting medications, certain disease states and
Introduction
Osteoporosis is a common skeletal disor der characterized by low bone density and an elevated risk of fracture. It is more prevalent among older individuals and among women. Its prevalence is projected to rise markedly over the next few genetic disorders associated with bone loss. Furthermore, they provide recom mendations regarding lifestyle approaches such as calcium and vitamin D intake and physical activity, in addition to the appro priate and selective use of medications for the prevention and management of osteoporosis. 2 The Public Health Agency of Canada devel oped and funded the 2009 Canadian Community Health Survey (CCHS)-Osteo porosis Rapid Response (ORR) Component to provide information on the prevalence, screening, prevention and management of osteoporosis in a nationally representative sample of Canadians 40 years of age or older living in the community. Using data from this questionnaire, the objectives of our study were: 1) to provide prevalence estimates of diagnosed osteoporosis and/ or major fracture history (i.e. selfreported fracture after age 40 of the wrist, upper arm, spine or hip); 2) to describe the sociodemographics, behavioural risk and protective factors, health characteristics, and use of osteoporosis screening, preven tion and management strategies according to four risk subgroups based on osteopo rosis diagnosis and major fracture history; and 3) to determine the factors associated with the use of these osteoporosis man agement strategies.
The findings from this study represent the most recent data of their kind and serve as a benchmark for the nationwide use of osteoporosis screening, prevention and management strategies. Furthermore, the findings are based on data from an ideal moment in time-that is, one year prior to release of the latest (2010) clinical practice guidelines for the diagnosis and manage ment of osteoporosis in Canada-and therefore provide the necessary historical information to evaluate whether these guidelines have had a positive impact on osteoporosis care in Canada.
Methods

Data source and study sample
The 2009 CCHS is a crosssectional, popu lationbased health survey designed to provide reliable estimates at the health region level. 8 The target population included ; response options: "yes", "no"). Based on responses to these questions, respondents were categorized as having (1) both osteoporosis diagnosis and major fracture; (2) osteoporosis diagnosis only (and no major fracture); (3) major frac ture only (and no osteoporosis diagnosis); or (4) no osteoporosis diagnosis and no major fracture. Figure 1 illustrates how respondents were catego rized among the aforementioned risk subgroups. 
Sociodemographic characteristics
Risk and protective factors
The risk and protective factors included body mass index (BMI), smoking status and alcohol consumption.
BMI
We used BMI to quantify the prevalence of underweight, normal weight, overweight and obesity. Based on selfreported height and weight, BMI was calculated by divid ing weight in kilograms (kg) by height in metres squared (m 2 ).
We applied correction factors 9 to adjust for known biases in selfreported BMI (i.e. people overreport their height and under report their weight). 10 These correction factors were as follows:
Corrected BMI for males = −1.08 + 1.08 (selfreported BMI); and Corrected BMI for females = −0.12 + 1.05 (selfreported BMI).
Using cutpoints according to the World Health Organization (WHO) Consultation on obesity, 11 respondents were classified into one of the following four categories based on their corrected BMI (kg/m 2 ): underweight (less than 18.5), normal (18.5-24.9) , overweight (25.0-29.9) and obese (30.0 or more).
Smoking status
Respondents were classified as a daily smoker based on their response to the fol lowing question: "At the present time, do you smoke cigarettes daily, occasionally or not at all?" (response options: "daily", "occasionally", "not at all").
Alcohol consumption
Respondents were asked about the fre quency with which they drank alcohol in the past 12 months, i.e. "During the past 12 months, how often did you drink alco holic beverages?" (response options: "less than once a month", "once a month", "2 to 3 times a month", "once a week", "2 to 3 times a week", "every day", "not appli cable") and classified as daily drinkers if they responded that they drank "every day."
Health status
For health status, we included the number of nonosteoporosis physical chronic con ditions based on responses to questions regarding specific health conditions that were expected to last or had already lasted six months or more, and had been diag nosed by a health professional. The condi tions included were arthritis, asthma, chronic obstructive pul monary disease, diabetes, heart disease, cancer, stroke, bowel disorder and Alzheimer disease/ other demen tia. A summary measure was computed by summing the number of conditions and then categorizing as fol lows: none, 1-2 and 3+.
Osteoporosis screening, prevention and management strategies
The osteoporosis screening, prevention and management strategies included receipt of a bone density test, use of vita min D and calcium supplements, regular physical activity and having been pre scribed osteoporosis medication(s).
Bone density test
Respondents were asked if they had had a bone density test of the spine (lower back) or hip (response options: "yes", "no"). A bone density test for osteoporosis was described as a test using a special xray device called dualenergy Xray absorpti ometry (DXA).
Supplements
Respondents were asked if they took cal cium supplements ("yes", "no") and/or vitamin D supplements ("yes", "no").
Physical activity
Respondent's level of physical activity was based on the Leisure Time Physical Activity Index, which categorizes a respond ent as being "active", "moderately active", or "inactive" in their leisure time accord ing to their total daily energy expenditure (EE) value (kcal/kg/day). 8 The respondent's total daily EE is calculated by determining their average daily EE for each leisure time physical activity in the previous three months using their selfreported frequency and duration of a variety of leisure time activities, § as well as the metabolic energy cost of each activity. The respondent's total daily EE is the sum of their average daily EE of all leisure time activities. Respondents that were categorized as being "active" had a total daily EE value of ≥ 3 kcal/kg/day; "moderately active" 1.5 to 2.9 kcal/kg/day; and "inactive" < 1.5 kcal/kg/day.
Osteoporosis medications
Respondents that answered "yes", "don't know" or refused to answer the question "Has a doctor ever told you that you had osteoporosis, sometimes called thin or brittle bones?" were asked if they were prescribed medication for osteoporosis ("yes", "no").
Statistical analysis
We carried out descriptive analyses to determine the prevalence estimates of selfreported diagnosed osteoporosis and major fracture history. We conducted crosstabulation analyses to describe the sociodemographic, behavioural risk/pro tective factors, health characteristics and use of osteoporosis screening, prevention and management strategies according to four mutually exclusive risk subgroups based on osteoporosis diagnosis status and major fracture history. We used chi square tests to explore the relationship between the four subgroups and respon dents' characteristics (categorical vari ables only) as well as respondents' uptake of the described osteoporosis strategies. Finally, we conducted multivariate logistic regression analyses to examine factors independently associated with the use of the aforementioned osteoporosis strate gies. Approximately 16% of the original data in the models were missing. Analyses were performed using respondents with complete data only. Statistical significance was deter mined at the pvalue < .05 level.
We used SAS Enterprise Guide, version 5.1 (SAS Institute Inc., Cary, NC, USA) for all data analyses. All estimates are based on weighted data. Sample weights were cre ated by Statistics Canada so that the data would be representative of the Canadian household population aged 40 years and older living in the 10 provinces in 2009 and were adjusted to compensate for non response to the 2009 CCHSORR. 8 Esti mates were agestandardized using the 2011 Canadian population in order to min imize the effects of differences in age composition when comparing estimates of the four risk subgroups. 12 Variance esti mates and 95% confidence intervals (CIs) were calculated using bootstrap weights provided with the data and using the bootstrap technique to account for the complex survey design. 8, 13 In accordance with Statistics Canada's release guide lines, only results with a coefficient of variation less than 33.3% are reported. If high sampling variability (i.e. coefficient of variation between 16.6% and 33.3%) is associated with any of the estimates reported in Tables 1 and 2 , a superscript "a" is used to indicate that the estimate must be interpreted with caution. Note that weighted estimates based on sample sizes of less than 10 observations are not reportable regardless of the value of the coefficient of variation. 
Results
Prevalence of diagnosed osteoporosis and major fracture history
In 2009, 10.1% of Canadians aged 40 years and older (an estimated 1.5 million peo ple) reported having been diagnosed with osteoporosis (Table 1) . Of these individu als, 80.9% were female, and 21.7% reported having had a major fracture. Additionally, 6.7% of Canadians aged 40 years and older (an estimated 1.0 million people) reported having had a major fracture but not having been diagnosed with osteopo rosis; of these, 55.4% were female.
Sociodemographics, behavioural risk/ protective factors, health characteristics, and use of osteoporosis screening, prevention and management strategies
We found important differences in the individuals' characteristics between the four risk subgroups (Table 1) . Increasing age, being female, decreasing levels of education and household income, lower BMI and increasing number of nonosteo porosis physical chronic conditions were § Including walking for exercise, gardening/yard work, swimming, bicycling, popular/social dance, home exercises, ice hockey, ice skating, inline skating/rollerblading, jogging/running, golfing, exercise class/aerobics, downhill skiing, bowling, baseball/softball, tennis, weight training, fishing, volleyball, basketball and up to three other categories.
associated with having an osteoporosis diagnosis and major fracture history.
Furthermore, we found differences in bone density testing, calcium, vitamin D and physical activity between the four risk subgroups (Table 2) . Overall, bone density testing was reported by a minority (27.8%) of Canadians aged 40 years and older, but by an overwhelming majority (over 85%) of those with an osteoporosis diagnosis. Canadians with diagnosed osteoporosis with and without prior major fracture also had high selfreported use of vitamin D supplements (89.2% and 68.5%, respec tively) or calcium supplements (90.7% and 81.7%, respectively). In contrast, less than 40% reported regular physical activ ity. In addition, the majority of respon dents diagnosed with osteoporosis reported having been prescribed osteopo rosis medication(s) (59.3% overall) and this was slightly higher for those with (as opposed to without) prior major fracture (69.5% and 56.5%, respectively). Among respondents who had not been diagnosed with osteoporosis but reported having had a major fracture at one of the common osteoporotic sites, onethird (33.4%) reported having had a bone density test, fewer than half reported taking vitamin D supple ments (45.2%) or calcium supplements (40.7%), or regular physical activity (44.6%). Sexstratified results demonstrated that all screening, prevention and management strategies were more common among women than men, with the exception of physical activity.
Agestandardized estimates related to screening, prevention and management strategies were consistently lower than the crude for all the risk subgroups with the exception of those with neither an osteo porosis diagnosis nor a prior major frac ture (available from the author upon request).
Factors independently associated with use of screening, prevention and management strategies
After adjusting for all sociodemographic factors, risk and protective factors and health characteristics, ** results demonstrated that factors independently associated with the use of osteoporosis prevention and management strategies varied by type of strategy (Table 3) . Older age was posi tively associated with having received a bone density test and use of vitamin D and calcium supplements. Being male was negatively associated with all strategies except for regular physical activity, which was not associated with osteoporosis strategies for either sex. Having a lower level of education and lower household income were negatively associated with use of calcium and vitamin D supple ments, and both were negatively associ ated with regular physical activity. Being obese (vs. normal weight) and a daily smoker were negatively associated with use of vitamin D supplements, calcium supplements and regular physical activity. The number of nonosteoporosis physical chronic conditions was positively associ ated with all strategies with the exception of regular physical activity. Major fracture history, despite being an important risk factor for future fractures, was not associ ated with any strategy with the exception of vitamin D supplements.
Discussion
Osteoporosis and its complications are common. In 2009, approximately 10% of Canadian adults aged 40 years and older (an estimated 1.5 million people) reported having been diagnosed with osteoporosis, of which one in five also reported a major fracture history. More concerning is the large proportion of the one million Canadians aged 40 years and older at risk of osteoporosis-those with a major frac ture history-that had not undergone bone density testing (approximately two thirds) and were not engaging in lifestyle approaches recommended to maintain healthy bones (about half). Many of the factors found to be independently associ ated with the osteoporosis screening, pre vention and management strategies studied n/a n/a n/a n/a n/a n/a are in keeping with what we know about those at greatest risk and those most likely to receive osteoporosis care. 2 However, the negligible effect that a prior major fracture had on any of the strategies studied (par ticularly bone density testing) is of great concern given that individuals with a prior osteoporosisrelated fracture are known to be at greatest risk of a future fracture. 14 Prevalence estimates based on Canadian administrative health data generally cor roborate the findings from this study, with approximately 11% of Canadian adults aged 40 years and older having been diag nosed with osteoporosis in 2009/10. 15 Between the release of the 2002 clinical practice guidelines and the latest update in 2010, 16 there was a fundamental shift in osteoporosis care from treating low bone mineral density to preventing fractures, given the readily identifiable clinical fac tors that increase the risk of fracture inde pendent of bone mineral density. As a result, the 2010 guidelines outline a more integrated approach to identify people who should be assessed for osteoporosis and recommended for treatment based on high absolute fracture risk, which incor porates clinical risk factors beyond bone mineral density. 2 Also, in order to address the well documented osteoporosis care gap among highrisk individuals, 37 the 2010 clinical practice guidelines concen trate on the assessment and management of women and men over age 50 who are at high risk of fragility fractures, and the integration of new tools for assessing the 10year risk of fracture into overall management.
Indications for measuring bone density in the 2010 guidelines include advanced age, previous fragility fracture, parental hip fracture, cigarette smoking, heavy alcohol consumption, body weight under 60 kg (132 lbs), prolonged use of glucocorti coids and other bonedepleting medica tions, certain disease states and genetic disorders associated with bone loss.
2 Fur thermore, the 2010 clinical guidelines pro vide recommendations regarding lifestyle approaches such as calcium and vitamin D intake and physical activity, in addition to the use of medications for the preven tion and management of osteoporosis.
Future work is essential to determine if there has been a positive change in osteoporosis care in Canada as a result of implementing the latest evidencebased clinical practice guidelines and respective knowledge translation strategies. 17, 18 Repeating similar questions in a future CCHS would assist in a reevaluation of the osteoporosis care gap on a national level; alternately, the use of administrative data via the Public Health Agency of Canada's Canadian Chronic Disease Surveillance System has the potential to achieve this on an ongoing basis.
Strengths and limitations
This study has a number of strengths, including the large, populationbased sam ple and the administration of the sur vey by trained personnel using a struc tured format. Furthermore, it makes use of data from the only national survey to have col lected information on the screening, pre vention and management of osteoporosis including health deter minants, lifestyle behaviours and comorbidities among Canadian adults.
However, findings should be inter preted in light of some important limita tions. First, as with most populationbased health surveys, the 2009 CCHSORR relies on selfreporting of healthrelated events with no thirdparty corroboration or verifica tion of these selfreports. While this is the most practical method of assessing dis ease sta tus in large population studies, selfreporting of health events and related information is susceptible to misclassifica tion of the outcome or explanatory vari ables due to social desirability bias, recall bias and conscious nonreporting. Never theless, validation studies have demon strated that the prevalence of selfreported diagnosis of osteoporosis and major osteo porotic fractures is reasonably accurate. 19, 20 Second, associations between different factors can be explored; however, causal inferences cannot be drawn from the results due to the survey's crosssectional design. 21 For example, while the use of vitamin D and calcium supplements are associated with osteoporosis and fracture risk, we do not know whether receiving an osteoporosis diagnosis or having had a major fracture preceded the use of these prevention strategies or vice versa.
Third, while the 2009 CCHSORR was designed to be nationally representative, the generalizability of the findings to the entire Canadian population 40 years and older is limited due to the exclusion of the territories and some subpopulations known to be at an elevated risk of osteoporosis, including Indigenous populations living on Indian reserves or Crown lands 22 and institutionalized patients. 23 Fourth, while the majority (58.6%) of those having had at least one major frac ture after the age of 40 reported it occurred as a result of a fall from a standing height or less, 23.1% reported it occurred as a result of a hard fall and 19.5% reported it was the result of other severe trauma. † † We elected to include all fractures, irre spective of the mechanism of injury, given that it is uncertain whether such trauma classifications are useful for determining whether a fracture is related to low bone density or indicates an increased risk of future fracture, 24 and given the recent shift in thinking that all fractures in older adults warrant careful evaluation in an effort to reduce the risk of future fractures. 25 Finally, we encountered analytical limita tions due to available sample size when disaggregating data by specific character istics of interest. For example, it was not possi ble to provide a statistical description of the population by racial/ethnic group, as the estimates for the different catego ries had high coefficients of variation (CV), indi cating high sampling variability and esti mates of unacceptable quality; therefore, we were limited to collapsing respondents into "White" or "nonWhite" response categories only.
Conclusion
Osteoporosis is common among Canadians 40 years of age and older, but more con cerning is the large proportion at risk for osteoporosis-those with a major fracture history-who have not received a bone density test, nor engaged in lifestyle approaches recommended to help main tain healthy bones. The latest clinical practice guidelines released by Osteoporosis Canada in 2010 focus on preventing fragil ity fractures, as opposed to treating low bone mineral density, which represents a fundamental shift in the prevention and treatment of osteoporosis and related fractures since the release of the 2002 clinical practice guidelines. The results from this study represent the most recent data of their kind and serve as a bench mark for the nationwide use of osteoporo sis screening, prevention and management strategies among Canadians aged 40 years and older. Based on 2009 CCHSORR data captured one year prior to the release of the 2010 clinical practice guidelines, the findings within provide the necessary his torical information to evaluate whether the release of these guidelines has had a positive impact on osteoporosis care in Canada.
